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FMIT ALIC.NMENT CART*

R. C. Potter,** L. B. Dauelsberg, D. C. Clark, andR. J. Grieggs
Los Alamos National Laboratory, Los Alamos, New Me~ico 87545

W!u.11

The Fusion Materials Irradiation Test (FMIT)
Facility alignrrent cart must perform several functions.
It must serve as a fixture to receive the drift-tube
girder assembly when it Is removed from the linac tank.
It must transport the girder assembly from the linac
vault LO the area where alignment or disassembly is to
take place. It must serve as a disass~mbly fixture to
hold the girder while individual drift tubes are
removed for repair. It must align the drift tube bores
in a straigh~ line parallel to the girder, using an
optical system. These functions must be performed
without violating any clearances found within the
building. The bore tubes of tt,e drift tube~ will be
irradiated, and shielding will be included in
tern tor easier maintenance.

Receiving of Girder

The girder is renmved from the tank as a
that contains several drift tube.. The girde
holds the drift tubes and contains their adju’
mechanism. The drift-tb5e stems pass through
ner hatch below the qirder: the sDanner hatch

the sys-

urlit
itself

ting
the span-
forms a

vacuum seal with the-top of the tank. There are bel-
lows that form a seal between the drift-tube stems and
the spanner hatch.

When the girder is lifted out of the tank, the
spanrltr hatch hangs below it on a set of rlgld rod~.
The girder is lifted by an overhead crane and is
carried down the lenyth of the tank to the high-EnPrg}
Beam Transport (HkBT) area. Ilere the girder is lowered
into th~ alignment cnrt, which receive~ it by support-
ing it at points corresponding to those on the tank;
thus allowing the girder, drift tubes, and spanner
hatch to be supported in the same manner as whtn on
the tdnk.

~ranspJrt

After tt,c girder is placed in the alignment cart,
the cart !s moved on air pads through a door leading
out of the HEBT area and into the final alignment and
dlan~ostic check area, It also is possible to nove
the cart under the hoistway in order t.oremove the
cart or the gird?r assembly from the building.

Methods to Find the Magnetic Center of Drift-Tubu

~=
—.

The centerlines of the drift-tube bores will be
aligned according to the actual magnetic centers of
the magnetic quadruples contained within them. There
are two methods that will b~ used to find tne m~gnet!c
cen?~rs, both of which have been used to find magnetic
ce,,lers of magnets in other applications,

The taut-wire method consists of a wire stretched
through the center of the bore. The wire is supported
on ●ither end by nwable supports, and the sag of the
wire at the point where it passes ttrough the bore can
be calculated, A current ~lllse is passed through the
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wire, and if the wire’s path does not lie through the
magnetic center of the quadruple, the wire jerks to
the side. Motion delectr,rs indicat~ this jerk, and
the wire position is adjusted until the wire remains
still, indicating it is passing through the ma rletic
center. probably this method will be used to ?ind the
magnetic center before a drift tube 15 inserted in the
girder. The relative position of the magnetic center
to the bore centerline will be noted, and a Plug target
with adjustable cross-hairs will be inserted in the
bore for the actual alignment.

The Bitter-figure method uses a vial containing a
mixture of ferrous-ferric oxide (a colloidal iron
oxide) in a viscous medium. Hhen polarized light is
passed through the vial in a quadruple field, and
then viewed through a cross-polarized filter on the
other side of the vial, a cross-hair-like pattern is
seen, representing the magnetic-cell boundaries; and
the intersection of the crossin
~J~arUp@le’$ magnetic c~flt~r. wxr::eR:h’

method have yielded accuracies of better than 0.08 mn
(0.003 in,), when carefully used, Itwill be used to
directly sight In on the magne+.ic centers while the
drift tubes are being aligned. A cont~iner, which
con’sins a lighting source, polarizing filter, and
fluid vidl, will be inserted into the drift-tube bores.
The vial will be observed through an alignment scope,
and will be used to bring the maqnetlc centers into
conformance. Me have found that the second polarizing
filtrr works best when placel over the eye~iece of tt,~
alignment scope.

Alignment Method

Figure I shows the alignment cart rolled into the
aliCJIVtICf,t d[l?,, Refore the qirder is put into the
ta,lk 3fler Initial assembly, after repair, or after
removal to check alignment, the drift tubes will be
realigned, This is to insure that the magnetic centers
of each ]rift tube llc on a straight line. Because
the group of drift tubes on each girder must line up
with the group on the nekt girder while the drift tube
bores are inaccessible inside the tank, an external
set of cross-hair sights on the side of the gtrde~ is
provided for alignment betw~en adjacent girders.

The external cross-hairs represent a line par~llel
tn the line throuqh the drfft tubes. The girders arc
mounted on kinematic mounts and girder orientation can
be adjusted relatitc to the tank to bring the ext~rnal
cross-h~irs of a girder into alignment with the girder
adjacent to it,

It is important that the external si hts not onlv
!be parillel to the bore-sight line, but a so that the

vertical and ho,iizontal distance offset between the
bore and external sight be the carrw for every girder.
Alto, IL is necessary to assure that the roll angle
about the girder’s long axis remains the same in thr
tank as in the al fgnment cart co that these horizontal
&rid vertical distance axes are not rotated. Thi$
rotat ton is controlled by mounting a leveling dev
on the girder in the run-axis direction. A s!mi
device also levels in the girder-pitch axis.

The vertical and horizontal distances ar? se!
targets that are mounted on a fined frame or wall

ce
ar

by
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rig,1, Al ignrnent cart and dock.

These targpts form the termtntions of the external
and bore sfght lines, 3~cause some radlot ton may
escdpe from the ends Of the bores, the bore sight
line is not viewed directly, instead, the bore ts
v(ewed through an optical square (accurate right-anglr
prism) at the end of the bore by looking through a
transit square (opt l.al scope capable of ●stab] ishin
sight. lines at an accurate rigk,t angle to each other !
mounted tbove thr optical square, lh~ optfcal square,
bore sight line transit square, and a transit $Q’,,re
for si hting the external siaht line are arranged so

!that a 1 angles are square w:,?hfn tbe accuracy of the
equipment” #nd th~ two sight lines are par.llel hori-
zontally ~for COntrol of cosine-related Qrrurs), and
have a $?parat\on in the vertical and horizontal
directions ftxedby the permanently mou~ted targrts.

The altqnmnt dock would be used bj, first mani-
pulating the transit squares and op}lcal square, so

,

that the stqht ltnes of the two transit squares are
parallel dnd separated by a dtstancc drflnod by tfw
permanently mounted targets. Th? alignment cart. is
then rolled into the dock and fs pos!tloned to an
approximate location. The girder is leveled in th~
roll and pitch pl~nes by klnematlc mounts on the cart,
the location of which corresponds !O those on th~
tanh, dnd th~ external sights on the g(rder are
adjusted to conform with the external stght ltn{,
The drift tubes then are adjusted individually by the
use of IJ{tter-ftgure Vta}s, or by dd.jLtSitSblP cross-
hair bore inserts, calibrated by the taut-wire method,
Nhun th~ drfft tubes’ magnetic c~nters lie tn 8
straight lin? 011 the bore .Ight line, alignment 1s
complete, The girder then can be reinstalled in th
tank, and its external sight! tnad~ to line up wfth
the external stghts on an adjacent gfrder by adjustf Q
the kinematic mounts supporting the girder on the
ta~k,
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Fig, 2. Drift tube removal.

Removal of a Drift lub~

To remove a drift tube from the girder, the
girder is first removed from the tank and put on the
alignment cart; then the allqnment cart is mo~~r! in!r
thcf]r,’ ~llynnu { area, A special dclly is place~
under the drift tube, and the attachments to the cl~lfl
tube that fdsten it to the girder are removed, fr~lrg
the drift tube from the girder,

Figure 2 shows the disassembly procedure,
Because of the low ceiling clearances in the
alignment area, it is not posslblc to use a crane 1(
raise the girder. The girder and thr r?m?irirq dllfl
tubes are raised off the cart by jacks on each
corner, The drift tube being removed remains on th~
special dolly as the girder slldes up and off th!’
drift-tube stem, and then it is moved sideways
underneath the girder and out of the cart frame.
After the drift tube is refr:it!, It ii put in!l J
container, and its stem Is gently lald horizontally
on supports within the container,

The girder is raised by fuur ball-screw
threads, one on each corner of the cart, Th~ screw
threads are nonrotating and serve a$ j,l~~ leg< to
raise the gird~r. The ball nuts rotat~ around them,

I

and ?re connected by drive shifts and ’30° orives tc a
drive motor with a reduction ge?r anr! huldlng trak(.
This jackinq system is contained on the cart, with
the d!-iv~ mot~r located on th~ c?rt’s side; !rI.< It
1s pc1,,51blP :L, raise the girder at any locatlorl in
the buildinq,

>hieldg—.

Shieldinq will be provided around the drift-t,,!{

shell arid bore-tube area to provide perionne~ Protec-
tion, Appro~imately . .5-cm-thick (1 in,) lead will
be used as a shielding material, *nJ will be in thr
f(>rm CIf “[laf”~!hells”, positioned on either s!de (f
the drift-tube shells. T:le bore WI1l be shielded on
either end, e~cept f~! holes for the bore sight linr.

Conclusio7

!hc rM!T Jllqr]?t,,t cart pro~ Ide(, an integrated

systm for transportation and alignment of the drift-
tube girder, It can be combined with th~ alignment
dock to ?stahlish elt~rna’ lght lines to align ea:h
girder with an arijacent ql~ler in the tank, so that
the maqnetlc centers of all drift tllbes lie in a
straight line.
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